Proceedings of the XXth International Conference on Thermoelectrics, Beijing, China, June 8-11, 2001

Development of High Efficiency Segmented Thermoelectric Unicouples

T. Caillat, J. -P. Fleurial, G. J. Snyder, and A. Borshchevsky
Jet Propulsion Laboratory/California Institute of Technology, Pasadena
4800 Oak Grove Drive, MS 277-207, Pasadena, CA 91109
*thierry.caillat@)jpl.nasa.gov

Abstract

Highly efficient, segmented thermoelectric unicouple
incorporating advanced thermoelectric materials with superior
thermoelectric figures of merit are currently being developed at
the Jet Propulsion Laboratory (JPL). These segmented
unicouples include a combination of state-of-the-art
thermoelectric materials based on Bi,Te; and novel p-type
Zn4Sb;, p-type CeFesSbi,-based alloys and n-type CoSbs-
based alloys developed at JPL. The maximum predicted
thermal to electrical efficiency is about 15% for a hot-side
temperature of 975K and a cold-side temperature of about
300K. Various segmentations have been explored and several
unicouples have been fabricated and tested. The set-up for
testing these unicouples is described in this paper and some of
the tests results reported. I-V curves have been generated for
selected unicouples. The results show that experimental
thermal to electrical efficiency values close to theoretical
predicted values have been measured.

Introduction

A segmented thermoelectric unicouple incorporating advanced
thermoelectric materials with superior thermoelectric figures of
merit has been under development at the Jet Propulsion
Laboratory (JPL) under the sponsorship of the U. S. Defense
Advanced Research Projects Agency (DARPA) since 1997 [1-
5], This advanced segmented thermoelectric unicouple
includes a combination of state-of-the-art thermoelectric
materials based on Bi;Te; and novel materials developed at
JPL. The optimal version of these segmented unicouples has a
projected thermal to electrical efficiency of up to 15 % when
operating at a cold-side temperature of 300K and a hot-side
temperature 975K. The segmentation can be adjusted to
accommodate various hot-side temperatures depending on the
specific application envisioned. The segmented unicouple
under development incorporates a combination of state-of-the-
art thermoelectric materials and novel p-type Zn,Sbs, p-type
CeFesSbiy-based alloys and n-type CoSbs-based alloys
developed at JPL. The segmented unicouple is illustrated in
Figure 1. A semi-analytical approach based on the Swanson’s
model [6] has been used to optimize and calculate the
expected properties of the device. Some details of the model
have been reported earlier [1-3].

The model can calculate (based on the measured thermoelectric
properties of the materials as a function of temperature) the
optimal lengths of the segments, the ratio of the cross
sectional area between the n-type and p-type legs, the internal
resistance, the power output, [-V curve, and thermal to
electrical efficiency as a function of hot side and cold side
temperatures. In addition, electrical contact resistances
between the segments and at the hot and cold interconnects
can be taken into account by the model. The calculated

thermal to electrical efficiency values are shown in Figure 2 as
a function of hot and cold side temperatures. These values
assumed no electrical contact resistance at the various
interfaces in the unicouple.
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Figure 1. Illustration of the advanced, segmented unicouple
incorporating new high performance thermoelectric materials.
The relative lengths of each segment and the cross-sectional
areas for the p- and n-legs are drawn to scale. The maximum
calculated thermal to electrical efficiency is about 15%.
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Figure 2. Calculated thermal to electrical efficiency values for
2 different versions of the advanced unicouple: 1) fully
segmented version as illustrated in Figure 1 (solid lines) 2)
skutterudite only legs as illustrated in Figure 3 (dashed lines).
The maximum calculated thermoelectric efficiency is about
15%.







